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(57) ABSTRACT 

Abase station (106) is connected to several communication 
servers (114, 116, 118) by a corresponding number of 
communication links (128). Should one or more of the 
connections fail, the base station comprises a base mobile 
radio (210) for scanning one or more neighbor cells 
(108-113) to determine their current service status. The 
neighbor cells have overlapping coverage with serving cell, 
but on different frequencies. The base station broadcasts a 
fault message along with the updated neighbor cell infor- 
mation to mobile stations (102), allowing the mobile stations 
to choose the most appropriate cell for the desired commu- 
nication activity. 
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METHOD AND APPARATUS FOR for a network operator. In many networks, it is often the 

PROVIDING FAULT TOLERANCE IN highest operating expense. Furthermore, the circumstances 

FREQUENCY REUSE WIRELESS that create the failure of a first communications link may 

COMMUNICATION SYSTEMS very well affect other links, including redundant links. For 

TECHNICAL FIELD 5 exam P^ e ' * n nortner ri climates winter storms can cause 

substantial damage to terrestrial based communications 

This invention relates in general to wireless communica- links. Even with multi-path redundancy, when multiple 

tion systems, and more particularly to fault tolerant fre- failures occur> mobile stalions are not in f orme d with current 

qucncy reuse wireless communication systems. neighbor cell information, and cannot determine if a neigh- 

BACKGROUND 10 00r ce U can provide the desired service. Therefore, there is 

t • *• ♦ -j j a need for a means by which fault tolerance may be provided 

Wireless communication systems are in widespread use . . . e J . J , r 

c c *uu*i • m a wireless frequency reuse communications system 

for a variety of applications. Perhaps the best known wire- , ... , ?* • . . . „ 

less system architecture is the frequency reuse design, l^™"™^ S,at, ° nS K<X ™ Cm ™ 1 nelghb ° r Ce " mf ° r ' 

commonly referred to as cellular. Cellular systems have i5 P • 

traditionally been used to provide telephone interconnect BRIEF DESCRIPTION OF THE DRAWINGS 
service, providing a mobile station with a wireless interface 

to the public switched telephone network, but more recently FIG. 1 shows a diagram of a wireless frequency reuse 

additional types of communications services are being pro- system in accordance with the invention; 

vided in cellular systems, and with newer interface protocols 2Q piQ. 2 shows a block diagram of a base station in 

and modulation schemes. accordance with the invention; 

In frequency reuse or cellular systems, a serving cell is FIG. 3 shows a process flow chart of a method performed 

established in the local vicinity of a base station. An array of at a base station for prov iding fault tolerance in accordance 

base stations provide service coverage over a region which witD the invention; and 

may be a small metropolitan area or a state wide network. „ c ™~ A , ' „ . ijC 4l _ , _r , 

A , „ r j , ■ , . n , 25 FIG. 4 shows a process flow chart of a method performed 

Adiacent cells are referred to as neighbor cells, and as a . ... 4 . r f . - 4 , , 

J , 4 t . , r • 11 . *u , ,u at a mobile station tor providing fault tolerance in accor- 

mobile station travels from one serving cell to the next, the , ... . . r & 

• u j j itf • . i , i . ' dance with the invention, 
service is handed oft from the serving cell s base station to 

the neighbor cell's base station, and the neighbor cell DETAILED DESCRIPTION OF THE 

becomes the serving cell for the mobile station. This scheme 3Q PREFERRED EMBODIMENT 
allows the reuse of radio frequencies in a metropolitan 

region since the power of the base station's transmitter is While the specification concludes with claims defining the 

usually very low compared to other types of broadcast features of the invention that are regarded as novel, it is 

service. believed that the invention will be better understood from a 

In a typical cellular network, the base stations of a given 35 consideration of the following description in conjunction 

region are operably coupled via a communications link to a with the drawing figures, in which like reference numerals 

communications server in a central office. Traditional eel- are carried forward. 

hilar telephone systems have a mobile switching center as a The invention solves the problem of providing fault 

communications server to provide telephone interconnect tolerance in a wireless frequency reuse communication 

service. More recently other types of communication service 40 system without the use of redundant communications links 

have been offered, such as, for example, dispatch service, between each base station and the communications server by 

which is sometimes referred to as direct connect. For each taking advantage of the overlapping coverage of adjacent or 

type of service a different communications server is typi- neighbor cells, combined with an ability to determine the 

cally used, or a more conventional communications server is current status of neighbor cells, without using a connection 

fitted with additional hardware and software to provide 4S to a central office to do so. It is known that a serving cell can 

additional functionality. get stored information regarding its neighbor cells, but if a 

The communications link between the base station and the fault occurs between the serving cell and the central office, 

communications servers) is typically terrestrial plant, such the serving cell cannot get current information, and since, if 

as a hybrid fiber/coaxial cable network, for example. Signals the serving cell is affected, the neighbor cells may likewise 

may be carried to and from the base station by any one of 50 be affected, previously stored neighbor cell information may 

several common and well known protocols, such as frame not be correct. The invention solves this problem by, upon 

relay or SS7, for example. If more than one service is detecting a fault in a communication link, updating and 

provided by a base station, then there is typically a dedicated broadcasting a neighbor cell list including current neighbor 

communications link between the base station and each cell service information to any mobile stations communi- 

communications server. 5S eating with the base station. The neighbor cell list informs 

Communications links carried over terrestrial plant are the mobile station which neighbor cells can provide the 

susceptible to faults, resulting in a disruption of service. desired service. The mobile station then determines which of 

Faults occur when, for example, in-line regenerative ampli- the neighbor cells is the optimum choice based on, for 

fiers fail or when cables are knocked out of service. Oneway example, received signal strength. This novel method is 

to avoid service outages is to set up redundant communica- eo performed with the use of a radio receiver co-located with 

tions links between the base station and the communications the base station, and operably coupled to the base station so 

servers, each of the links using a different physical path that the base station does not need connectivity with a 

between the base station and the communications servers. central office to determine the status of its neighbor cells. 

When a fault is detected on the active communications link Referring now to FIG, 1, there is shown a diagram 100 of 

the system switches to the redundant link. 6 5 a wireless frequency reuse system in accordance with the 

However, installing and maintaining a multi-path redun- invention. A mobile station 102 is located in a serving cell 

dant network plant is a considerable and on going expense 104 that is established by a base station 106. The serving cell 
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has at least one neighbor cell, such as any one of neighbor response, the ACG will request a neighbor cell list from the 
cells 108, 109, 110, 111, 112, or 113, or any combination base mobile radio. The base mobile radio may have deter- 
thereof. The neighbor cells are located adjacent to the mined the neighbor cell list and communication service 
serving cell and have an overlapping coverage area, as is information prior to the request from the ACG, or it may 
known in the art. Each cell has an associated base station. 5 generate the neighbor cell list in response to the request. The 
Furthermore, each base station is operably coupled to at least neighbor cell list may comprise information such as the cell 
one communications switch or server, such as any one of a identification number, what frequency the cell is operating 
mobile switching center (MSC) 114, a dispatch applications on, and which communication services are provided by the 
processor (DAP) 116, or a mobile data gateway (MDG) 118, cell, for each neighbor cell detected. Upon the occurrence of 
as examples. An operations maintenance center (OMC) 120 10 a fault between the base station and one or more commu- 
is also coupled to each base station. The communications nications servers, the neighbor cell list is updated and 
server is typically located in a central office 122, and if more broadcast from the serving cell's base station. Any mobile 
than one communications server is available, they may be stations that were connected to the serving cell at the time of 
located together in the central office, although it is not the fault, and any that come into the serving cell after the 
required. The communications servers, in general, provide 15 occurrence of the fault and prior to the repair of the fault will 
functionality to establish a communications session between receive the broadcast message from the base station indi- 
a mobile station and one or more parties. For example, as is eating the existence of the fault condition, which service or 
well known in the art, a MSC provides switching and call services are not functional, and the neighbor cell list includ- 
processing capability to necessary to establish telephone ing the current service states of those neighbor cells, 
interconnect service. The MSC may connect the a mobile 20 Any mobile station receiving the fault message and neigh- 
station to another mobile station, or to a public switched bor cell list with current service information can then make 
telephone network (PSTN) 124. Likewise, a MDG provides a determination if the serving cell can support the necessary 
packet data connectivity to a wide area packet network communications service, or if it must select one of the 
(WAPN) 126, such as the internet. A DAP provides high neighbor cells. In the event that not all of a plurality of 
speed, intra-system, half-duplex, one to one, or one to many 25 communications links are faulted, the serving cell may still 
voice connectivity. A voice packet duplicator is used in provide one or more communications services, and the 
conjunction with a DAP, as is well known in the art. Thus, mobile station may still connect to the base station, 
a communications server provides a means to establish a However, if the particular service desired by the operator of 
particular type of communications service. the mobile station is unavailable because of a faulted corn- 
Each base station is connected to a communications 30 munications link, the mobile station will then begin select- 
servers individually by a communications link, represented ing a suitable neighbor cell, if one is available. The received 
by the lines numbered 128. Each line 128 represents at least signal strength of the neighbor cells will dictate which of the 
one communications link, and if the base station is operably neighbor cells supporting the desired communication ser- 
coupled to a number of communications servers, the line vice will be selected. This is possible because the neighbor 
represents an equivalent number of communications links. A 35 cell and serving cell coverage areas overlap, as is known in 
communications link is established physically by a the art. Although the signal will not typically be as strong as 
terrestrial-based plant, such as a hybrid fiber/coaxial cable if connected to the serving cell's base station, because of the 
plant, for example, and may include microwave radio relay overlap in coverage area the mobile station can, quite often, 
links. Various protocols may be used over the physical connect to one or more neighbor cell base stations, and thus 
medium, such as frame relay, an example of which is the 40 engage in the desired communication activity, 
so-called Tl transport protocol. By detecting faults in the communications links, and 
Referring now to FIG. 2, there is shown therein a block alerting mobile stations to the fault condition, along with a 
diagram 200 of a base station 106 in accordance with the list of potential neighbor cells, a level of fault tolerance is 
invention. The base station communicates with at least one achieved. Referring now to FIG. 3, which shows a process 
mobile station 102, as described above in reference to FIG. 45 flow chart of a method performed at a base station for 
1, over a radio link 202. The base station 106 comprises an providing fault tolerance in accordance with the invention, 
access controller gateway (ACG) 204, and transceiver In the preferred embodiment, the ACG of the base station 
equipment such as a base radio controller (BRC) 206, a base begins by detecting 300 a fault or failure in at least one of 
radio (BR) 208, a base mobile radio (BMR) 210, a power the communication links between the base station and a 
amplifier 212 and an antenna 214. The ACG interfaces with 50 communications server. This includes faults in a telephone 
the fixed network equipment (FNE) 216, such as a central interconnect, dispatch, packet data, and circuit data circuits, 
office shown in FIG. 1, over a plurality of communication as examples. If a neighbor scan has not been performed 
links 218. Specifically the ACG receives data from, and recently, the ACG orders the base mobile radio to begin 
transmits data to the communications servers. Each com- scanning 302 for neighbor cells. The base mobile radio 
munication server is connected by one communication link. 55 responds by updating a neighbor cell list and forwarding 304 
The base radio controller controls the modulation and syn- the neighbor cell list to the ACG. After receiving the 
chronization of signals processed by the base radio. The base neighbor cell list from the base mobile radio, the base station 
radio comprises radio signal processing equipment for begins broadcasting 306 a fault detection message indicating 
mixing, filtering, and so on. the existence of the fault condition, and a service status 
The base mobile radio is operably coupled to the ACG and 60 message indicating which communications services are 
the transceiver resources, and is much the same as what is affected, along with the neighbor cell list including current 
referred to as a test mobile radio. That is, if comprises radio neighbor cell status information. The base station will still 
hardware and software similar to that of a mobile station, accept new mobile stations and support whichever, if any, 
and is used for detecting or scanning for neighbor cells. If a communications services remain available, 
fault occurs in one or more of the communications links 218, 65 A mobile station presently connected to the serving cell 
the ACG will immediately detect the loss of communica- base station at the time of the fault, or one that tries to 
tions with the respective communications server. In connect subsequent to the time of the fault must decide what 
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to do. Referring now to FIG. 4, there is shown a process flow broadcasting the neighbor cell list in a serving cell, 

chart of a method performed at a mobile station for provid- performed by the base station after performing the step 

ing fault tolerance in accordance with the invention. The of updating; 

method allows a mobile station to avoid a compromised receiving the neighbor cell list; 

serving cell if that serving cell is unable to support the 5 se i ecting a neighbor cell from the neighbor cell list; and 

desired communication activity. The method begins by first connec ti ng to the neighbor cell selected in the step of 

receiving 400 a fault message and neighbor cell list, The selecting- 

mobile station then determines 402 if, based on the fault . , . . , 

message, the desired communications mode or service is whereln the s,e P s of receiving, selecting and connecting 

available from the serving cell. If the serving cell can 10 m performed sequentially by a mobile station m the 

provide the desired communications service, the mobile . serving cc > . 

continues 404 as normal. If the desired service was one of , 2 ' me ' hod of providing fault tolerance as defined in 

thefa U ltedservice S( themobilestationdetermin e s406ifany clalm wher ,f m lhe of detecting is performed by an 

of the neighbor cells can support the desired service, based acc ^ contr 1 ol ' er fteway located at the base station, 

on the information in the neighbor cell list. If none of the is , *■ A . me ' hod of prov.dmg fault tolerance as denned in 

neighbor cells listed can support the desired service, then no c t laim ]> where , 1D ' he ste P of detectin 8 comprises detecting 

service 408 is available. If at least one neighbor cell can ,he fault ™ ' a < ele P hone ln,erconnect «rcuit the base 

provide the desired service, then the mobile station begins s,a "°° and the communications server, 

scanning the frequencies corresponding to the neighbor , 4 - me « hod of providing fault tolerance as defined in 

cells, as indicated in the neighbor cell list, to determine 410 20 V wher ^ n the l ste P of detect,D S comprises detecting 

the strongest neighbor cell signal, such as a by received «J e fault m a dls P atch circuit betweeD ** base statl0n and 

signal strength indicator (RSSI), as is well known in the art. lhe communications server. 

Subsequently, the mobile station connects 412 to the stron- , 5 ' me J nod of providing fault tolerance as defined in 

gest neighbor cell, and continues as normal. c ' aim ]• wherem th ° ste P. of de ' ectlD 8 comprises detecting 

_ , . . , f . , c the fault in a packet data circuit between the base station and 

TTius, fault tolerance is provided in a frequency reuse 25 ^ communications 

wireless communication system by taking advantage of the 6 A me(hod of idi fault [olerance ^ deflned in 

overlap in adjacent cell coverage, and the ability of a mobile daim j wherein (he of detec(i CQ ^ detecti 

station to choose which cell to connect with. Typically the , ne faul[ in , drcuit da , a cira]i , between ^ base sUtion and 

mobde station will choose the cell providing the strongest , he communications 

signal but under fault condition it can select another nearby 30 ? A meihod fof ^ ^.^ ^ ^ & omised 

ce aided by the information broadcast bj -the compronnsed ^ ^ ^ ^ ^ establishcd around „ base 

cell. Tne use of a neighbor cell list created by a base mobile s(ation; the base station for idin a luralit of comrau . 

radio in the faulted serving cell speeds the process of nica(ion se(vices> the base station navi da(ed a nei hbor 

selecting an alternate cell since the mobde station wdl not ^ ^ tQ s ^ Momition for each one 

have to perform the scan itself. of a plurality of neig hbor cells by scanning the neighbor 

While the preferred embodiments of the invention have cells from the base station, the method comprising the steps 

been illustrated and described, it will be clear that the 0 f : 

invention is not so limited. Numerous modifications, detecting a fault in one of the plurality of communications 

changes, variations, substitutions and equivalents will occur services - 

to those skilled in the art without departing from the spirit 40 broadcasting a faull detection message> ind i cating in 

and scope of the present invention as defined by the wnich communications ^wice the fault has been 

appended claims. detected, and a neighbor cell list, performed by the base 

What is claimed is: station* 

1. A method of providing fault tolerance in a frequency . . * ... „ .. , 

. . • . . 45 receiving the neighbor cell list; 

reuse wireless communication system, comprising the steps . . _f „ r , . „ 

selecting a neighbor cell from the neighbor cell list; and 

, - . , ^ , . , . connecting to the neighbor cell selected in the step of 

detecting a fault between a base station and a communi- i 

selecting* 

cations server, the base station for providing a plurality ... . . , 

of communication services; Kn wherein * he ste P s of reiving selecting and connecting 

.. - « - 5u are performed sequentially by the mobile station in the 

scanning for at least one neighbor cell capable of provid- serving cell 

ing the communication service in which the fault was 8 A method for a mobile station to avoid a compromised 

detected, performed by a base mobile radio located at ^ as defined in daim ^ whefein the base station 

the base station, provides a plurality of communication services, the step of 

updating a neighbor cell list at the base station while 55 broadcasting comprises broadcasting the service status of 

performing the step of scanning; me serving cell. 

broadcasting a fault detection message indicating in 

which communications services a fault was detected; ***** 



